I. INTRODUCTION
he topic is potentially of interest because the seismic structure of flood basalt provinces are poorly known and they may constrain models of flood basalt formation. The Ontong-Java Plateau (OJP) is of particular interest because it is one of the few oceanic flood basalt provinces as well.
This paper presents results of the seismogram analysis on the S wave, the Love and Rayleigh surface waves considering the characteristics of the mantle layers beneath the Ontong-Java Plateau. OJP has the form of the letter L, and is the largest igneous rock province (LIP) that is located in South West Pacific between the south border to Solomon Islands and the north border to Carolina Islands.
In a previously seismological experiment, Gomer and Okal [1] used the seismogram analysis of broadband data from a deep earthquake (511 km) at two observatory stations, respectively in PATS and CTAO to interpret the characteristics of the S wave velocity in mantle layers beneath OJP through the analysis of the travel time difference of the ScS 2 -ScS 1 .
The travel time difference was measured through cross correlation process between the waveform of ScS 2 and ScS 1 in the broadband seismogram data. To this area they got the travel time difference of 3 seconds between the wave ScS 2 and ScS 1 ; this indicated that the structure of the earth mantle layers beneath OJP had the negative S wave velocity anomaly compared to S wave 1 Bagus Jaya Santosa is with the Department of Physics, Faculty of Mathematics and Natural Science, Institut Teknologi Sepuluh Nopember, Surabaya, 60111, Indonesia. E-mail: bjs@physics.its.ac.id velocity structure of the standard isotropic earth model PREM [2] .
In previously passive seismic experiment, Richardson et al. [3] used four spread stations around Caroline's Island and Nauru to interpret the earth's crust structure under OJP using the Partial Waveform Inversion method (PWI) to the Rayleigh wave. They found that in general the thickness of the earth's crust is 33 km and a thickness of the maximum 38 km in the direction to the south from the plateau of OJP. Similar crustal thickness is reported for the structure of the other ocean earth's crust which is believed had the form close to mid-ocean fire mountains, included Plateau Tuamotu (25 km)
The two previous articles produced the earth model with the negative S wave velocity structure to the depth 300 km under OJP, with the lateral dimension 600 km, and featuring the S wave speed deficiency of 5 \%. The crust velocity reaches below 4 km/s compared with PREM [2] . Such low speed structure in the depth like previously is reported only in areas that contained the center of the expanding active earth's crust, like in Iceland [4] , and is related to the hot anomaly.
II. METHODOLOGY
The method is used in this research is different from the method used by seismological researchers previously. They used residual travel time in the study heterogeneity in the upper mantle layers [5, 6] . The travel time difference is measured by carrying out the cross correlation between two wave phases, ScS n and ScS j , where as the standard is taken from the travel time difference of the similar synthetic wave which is constructed from the isotropic PREM earth model. To calculate the synthetic seismogram, the reflectivity method is used, where the approach of earth-flattening transformation (EFT) is required.
In this research, the measured seismogram is compared with the synthetic one that is constructed from the anisotropic PREMAN earth model, in the time domain and in the three Cartesian components simultaneously. The synthetic seismogram is calculated with the Gemini method [7, 8] , where the EFT approach is not required. The travel time difference and the waveform is measured by the seismogram comparison directly by measuring the delay or the advance of the location of the maximum or minimal of the waveform, as well as the waveform [9] . Table 1 presents the used observatory stations, which the recorded seismograms will be analyzed. The seismogram is generated by B041196C earthquake, where the location of the earthquake hypocenter is 3. The Fig. 1 presents the vertical projection of the wave paths from earthquake hypocenter to observatory stations that are used in this research. It could be seen in the Fig. 1 that the wave paths from the B041196C earthquake hypocenter to the HNR station and MSVF cross fully the OJP, where these two stations are located in Solomon and Fiji Islands respectively. Fig. 2a shows that the S wave disappears in the Love surface wave, which has strong amplitude because amplitude reduction of the surface wave is proportional inverse to the square root of epicentral distance, whereas the amplitude decrease of the body wave is proportional inversely to the epicentral distance. The discrepancy is observed to the synthetic Love surface wave from the PREMAN that arrives later than the measured one. Notice the delay of the Rayleigh wave, which is not as great as the Love wave. This indicates that the S wave velocity anomaly under the OJP area to the southeast direction has a positive value, especially large value on b h velocity. The area of the wave paths between hypocenter and the station crosses the compressed ocean crust of the South West Pacific, so it gives the positive S wave velocity anomaly. The positive speed anomaly is not only occurred in upper mantle layers or the 300 km uppers earth layers, as stated in the paper of Gomer and Okal [1] or Richardson et al. [3] , but also in all earth mantle layers. The fitting of the synthetic ScS 2 wave to the measured one is illustrated in the Fig. 2b .
The Fig. 3a shows the seismogram compare at the HNR station whose epicentral distance is 2.2 0 from the hypocenter. With epicentral distance as small as this, the seismogram is classed as strong motion, but we can see that the GEMINI program can still produce this strong motion seismogram. However, the amplitude of the synthetic wave is bigger than the measured seismogram. This mistake is the error on the CMT solution tensor of the earthquake [10] that describes the direction of the fault plane and the released energy by the earthquake.
The released energy stated in the CMT solution is bigger than the necessary. Nevertheless, the fitting is tried only on the location of the amplitude maximum. The Results show that the speed anomaly is negative compared with the positive anomaly to the wave path to MSVF. This small negative anomaly is also shown in the Fig. 3b , that the anomaly continue in earth layers below the upper mantle as far as CMB (Core Mantle Boundary), to fit the ScS wave.
The Fig. 4 presents the seismogram comparison between the measured and the synthetic seismograms at CTAO observatory station. It can be seen that the PREMAN earth model provides synthetic seismogram that arrives a little earlier than the measured seismogram, perceived on the P and S waves, and the Love and Rayleigh surface waves to the ScS wave. This shows that the anomaly especially in the upper mantle layers to the north-west of OJP has really the negative values, as stated by Richardson et al. [3] . However, the negative correction must be also imposed in mantle layers until CMB, not only in 300 km the uppers earth mantle layers.
The Fig. 5 shows the seismogram comparison at the WRAB station. We see that the epicentral distance is quite great, so that the S, SS and Love waves are well separated, but the synthetic seismogram from PREMAN arrives a little later than the measured wave phase. This delay is also observed in the wave comparison of ScS 2 wave. This shows that the earth mantle model beneath OJP in the direction to South West has the positive anomaly down to the CMB, compared to the S wave velocity structure in the PREMAN earth model. Fig. 6 presents the seismogram comparison at the NWAO station. The epicentral distance of this station is big enough, so that we can see that the waveforms of S, SS and Love waves are well separated. We can observe that the synthetic seismogram from the PREMAN provides synthetic waves that arrive later than measured wave phases. The biggest delay is occurred to the Rayleigh wave, while smaller later arrival time can also be observed on the SS and S body waves. This indicated that the biggest positive speed anomaly is imposed in upper mantle layers, but smaller factors are also continued down to earth mantle layers until the CMB depth.
The seismogram comparison of the B041196C earthquake in the TAU observatory station is presented in the Fig. 7 . We can see that the synthetic seismogram from the PREMAN provides later arrival time than the measured wave phase. This indicated that the positive anomaly from the upper mantle layers down to CMB, as being pointed out by the fitting of the ScS2 wave, in Fig.  7b . To achieve the third amplitude height in the Love waveform which is similar to the amplitude pattern of the measured Love wave, the thickness of the earth's crust is changed became thinner than in the PREMAN earth model, that is 18 km. However the height of the Love wave can not be reached, where the mistake stems from the direction of the fault plane in the CMT solution.
The Fig. 8 presents the seismogram comparison in the GUMO observatory station. Wave path from earthquake hypocenter to the observatory station should pass the Ocean earth's crust model, but the thickness of the earth's crust provides the significant influence in the form of the Love wave [9] . This indicates that the model of the standard earth's crust can be used to replace the Ocean earth crust model. This indicates that the similar thickness could be observed to old Ocean earth crust [11] . Further perceiving, the positive anomaly continues through deeper earth mantle layers, to get better fitting to the S body wave. The seismogram comparison in the PMG observatory station is shown in the Fig. 9 . The wave path from hypocenter to the PMG station passes the medium of OJP. We can see that upper mantle layers have the negative anomaly, see the upper right box. This negative anomaly continues in layers beneath the upper mantle, as being required to get the fitting to the sP wave.
IV. DISCUSSION
After the research results are obtained, furthermore is discussed with the research results of two previously papers (paper 1 and paper 2), where the seismology research is carried out in the same area. The discussions are only stressed to 3 stations that are HNR, MSVF and CTAO. Paper 2 wrote that the thickness of the earth's crust under OJP 33 km, and to the south direction is 38 km.
After the seismogram comparison in the HNR station and MSVF, the thickness of the earth's crust stays 25 km, as stated in PREMAN earth model. The Love waveform is sensitive to the thickness of the earth's crust [9] and this has not been yet exploited by the other seismologist, in which their interpretation of earth model still based on the arrival time or dispersion analysis.
They mentioned that the S wave velocity anomaly of the negative under 5% to the upper mantle layers, whereas this research shows that this anomaly is only obtained to the HNR station and PMG. This negative Anomaly is only encounter in the east direction of OJP. However the anomaly is not only occurred in uppers 300 km the earth mantle layers, but continues down to earth mantle layers beneath the OJP. Table 2 presents an example of the S wave velocity in various earth mantle layers, in which the PREMAN earth model was compared with the corrected model of the earth between the earthquake hypocenter B041196C and the MSVF observatory station. The S wave velocity structure of the other earthquake can be seen by noticing the small box that contains the velocity structure of the S wave that lies on the right side of Fig. 3 through Fig. 9 . We can see that the vertical anisotropy (η values) occurs in all of the mantle layers, not only in the upper mantle layers as stated in the PREMAN earth model. We notice further by comparing the second and third columns with each of the fifth and the sixth column that generally there is positive anomaly in the S wave velocity structure of all layers of the mantle.
The anomaly on S wave velocity occurs on all mantle layers. To find a matching on the S wave (SV and SH) on the seismogram of some earthquakes, we need correction with a weaker magnitude at the mantle layers until CMB depth, and its values are different for both kinds of β. It indicates that the vertical anisotropy feature also occurs on the mantle layers below the upper mantle. The anisotropy features are not used in the seismology research that based on the travel time data, because we find difficulties to observe the travel time difference of the S wave on the three Cartesian-components. This result is different from that of Gomer and Okal [1] and Richardson et al. [3] whose investigation result is based on a dispersion analysis of the Rayleigh wave or travel time difference of ScS n -ScS j waves. The Figure contain the phases of the repetitive core reflected ScS and ScS 2 waves, where the obtained matching is by changing β v in the base mantle layers, while the change in β h does not bring a significant improvement on the matching of the core reflected wave. While according to Yu Guo et al. [12] , to obtain a matching on the wave ScSH, the structure of β h velocity in the layers near CMB has strong influence.
Gomer and Okal [1] wrote, that the arrival time difference between ScS 2 and ScS wave phases in the CTAO station of 6 seconds, that means for one path of ScS needs 3 seconds. They interpreted this negative difference because of inhomogeneity in upper mantle layers. Contrary, this research measured the time discrepancy for the wave ScS is 4 seconds, whereas the ScS 2 of 7 seconds. To achieve the fitting to the seismogram in the CTAO station, the negative correction is imposed in upper mantle layers for the Rayleigh wave, and the negative correction in earth mantle layers beneath it down to the CMB, to get the fitting for ScS wave.
The negative anomaly in the direction to the east and positive anomaly to the other side is not linked with the thermodynamics activity, because there is no volcanic activity along the wave-propagating medium. This anomaly is caused only by the change in the chemistry characteristics in the rocks constituted earth mantle layers beneath the OJP.
V. CONCLUSION
This research investigates the S velocity structure beneath OJP through the seismogram comparison in the time domain and the three components simultaneously, where the used earth model has property of vertical anisotropic. The travel time difference is measured through the waveform comparison.
The negative travel time differences is only encountered at two stations, that is HNR and PMG, while the other stations show that the synthetic wave phase from the PREMAN provides later arrival time compared to the measured wave phase. Research results with waveform in three components show different results from the other seismological research in same the OJP region. Some forms of radial anisotropy are disallowed by other seismic datasets, for example SKS splitting, differential PcP and P travel times, and P tomography.
Heterogeneity is also encountered in the earth mantle layers that deeper than 300 km to get the fitting to waveform and arrival time of the core reflected wave.
